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ABSTRACT 

For e f f e c t i v e  mission p lanning ,  s p a c e c r a f t  p r o p e l l a n t  
should be budgeted as c l o s e l y  as p o s s i b l e  t o  t h e  way i n  which it 
w i l l  a c t u a l l y  be used i n  f l i g h t .  Although t h i s  p r i n c i p l e  has  been 
fol lowed i n  g e n e r a l  i n  LM descent  budgeting ( f o r  example, i n  a l -  
l v a + i n =  ----**'3 n-pe l lan t  P-- t o  cover t h e  abort  r e s e r v e  requirement and t h e  
e f fec ts  of p r o p e l l a n t  s l o s h i n g ) ,  it has n o t  been followed i n  alloca- 
t i n g  p r o p e l l a n t  t o  cover DPS p r o p e l l a n t  gaging inaccurac i e s .  
p r e s e n t ,  t h e  o p e r a t i o n a l  r u l e s  and t h e  budget ing r u l e s  a r e  incon- 
s i s t e n t  i n  their t r ea tmen t  of gaging inaccurac i e s .  Opera t iona l ly  
t h e  gaging u n c e r t a i n t i e s  are simply s u b t r a c t e d  f r o m  a v a i l a b l e  DPS 
burn t i m e ,  w h i l e  i n  p r o p e l l a n t  budgeting t h e  gaging u n c e r t a i n t i e s  
are t r e a t e d  as d i s p e r s i o n s  and a r e  root-sum-squared wi th  o t h e r  
u n c e r t a i n t i e s .  
i s  t o  reduce the  a c t u a l  a v a i l a b l e  burn t i m e  between planned manual 
takeover and touchdown from t h e  pre-mission assumed va lue  of 1 4 0  
seconds t o  only 137 seconds i n  the  case of a l i m i t  weight vehicle 
w i t h  3a l o w  performance and s losh ing  p r o p e l l a n t .  

A t  

The effect  of t h i s  i ncons i s t ency  on DPS performance 

I n  o r d e r  t o  proper ly  make the  two sets of r u l e s  con- 
s i s t e n t ,  t h e  p r o p e l l a n t  budget should be changed t o  inc lude  (1) a 
new a l l o c a t i o n  t h a t  i s  equa l  t o  t h e  gaging u n c e r t a i n t y  and i s  sub- 
tracted from a v a i l a b l e  p r o p e l l a n t  t o  correspond t o  t h e  b ias  p l aced  
on a v a i l a b l e  burn t i m e  opera t iona l ly ,  and ( 2 )  the c u r r e n t  a l l o c a t i o n  
i n  t h e  d i s p e r s i o n s  t o  account f o r  p l u s  o r  minus gaging u n c e r t a i n t i e s .  
Such a change i n  budgeting philosophy would r e s u l t  i n  a 52-pound 
r educ t ion  i n  t h e  LM l i m i t  w e i g h t  f o r  c u r r e n t  va lues  of t h e  gaging 
u n c e r t a i n t i e s .  
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MEMORANDUM FOR FILE 

Incons is tency  i n  t h e  Treatment of  Low Level Sensor 
Inaccurac i e s  

To assist  i n  e f f e c t i v e  mission p lanning ,  s p a c e c r a f t  
p r e p e l l a n t  should be buc?r;eted be fo re  t h e  mission as c l o s e l y  as 
p o s s i b l e  t o  the  way i n  which it w i l l  a c t u a l l y  be used i n  f l i g h t .  
I n  g e n e r a l ,  t h i s  budgeting p r i n c i p l e  has  been a p p l i e d  i n  a l l o c a -  
t i n g  LM descen t  p rope l l an t .  The reduct ions  i n  usab le  p r o p e l l a n t  
t h a t  r e s u l t  f r o m  t h e  requi red  a b o r t  r e se rve  p r o p e l l a n t  and from 
t h e  expected s l o s h i n g  of  p r o p e l l a n t  have been accounted f o r  by 
p rope r  a l l o c a t i o n s  i n  t h e  budget. However, i n  budget ing propel-  
l a n t  t o  cover f o r  t h e  e f f e c t s  of p r o p e l l a n t  gaging inaccuracy ,  
t h e  above p r i n c i p l e  has n o t  been app l i ed  f a i t h f u l l y .  The 
budget ing r u l e s  i n  t h i s  case  are n o t  c o n s i s t e n t  w i th  t h e  opera- 
t i o n a l  r u l e s  governing the  use of low-level p r o p e l l a n t  gaging 
informat ion .  

On p a s t  m i s s i o n s ,  the  DPS Low Level Sensor (LLS) w a s  
t h e  prime rea l - t ime i n d i c a t o r  of DPS p r o p e l l a n t  remaining dur ing  
t h e  f i n a l  p o r t i o n  of descent .  According t o  t h e  S p a c e c r a f t  
Opera t iona l  Data Book', 1 1 6 f 3  seconds o f  DPS burn t i m e  remains 
when the  LLS i s  a c t i v a t e d  i f  it i s  assumed t h a t  t h e r e  i s  no 
p r o p e l l a n t  s lo sh ing .  The 3-second u n c e r t a i n t y  r e s u l t s  from an 
u n c e r t a i n t y  i n  t h e  l o c a t i o n  of t h e  LLS i n  the  p r o p e l l a n t  tanks .  
Apollo 1 3  mission r u l e s 2  allowed 93 seconds from LLS a c t i v a t i o n  
u n t i l  t h e  touchdown/abort d e c i s i o n  p o i n t .  This 93 seconds cor- 
responds t o  the  nominal 116 seconds of burn t i m e  minus 3 seconds 
fo r  u n c e r t a i n t y  i n  LLS l o c a t i o n  minus a 20-second a b o r t  r e se rve .  

Figure 1 shows t h e  c u r r e n t  J-1 m i s s i o n  descen t  propel-  
l a n t  budget a s  l i s t e d  i n  t h e  MSC weight  summary3 and a breakdown 
of t h e  d i s p e r s i o n s .  The 48-pound a l l o c a t i o n  i n  t h e  budget  f o r  
t h e  LLS r e p r e s e n t s  5 seconds of  burn t i m e  t h a t  i s  set  a s i d e  t o  
cover  f o r  p r o p e l l a n t  s losh ing .  S losh ing  p r o p e l l a n t  t e n d s  t o  

lllvolume I1 LM Data Book - Appendix LM-6," Grumman 

2 " F i n a l  F l i g h t  Mission Rules - Apollo 13 ,"  Manned 

311Apollo Spacec ra f t  Weight S t a t u s  Summary, 

Aerospace Corporat ion,  November 13,  1 9 6 9 .  

S p a c e c r a f t  Center ,  February 1 2 ,  1 9 7 0 .  

Manned 
S p a c e c r a f t  Center,  December 1 5 ,  1970 .  
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FIGURE 1 - J-1 MISSION LM DESCENT PROPELLANT 

BUDGET AND DISPERSION BREAKDOWN 



. 
.r BELLCOMM. INC. - 2 -  

a c t i v a t e  t h e  LLS prematurely caus ing  t h e  gage t o  i n d i c a t e  t h a t  
less p r o p e l l a n t  remains i n  t h e  t anks  than i s  a c t u a l l y  t h e r e .  
S ince  it cannot be known i n  real t i m e  whether or no t  s l o s h i n g  
has  caused t h e  LLS t o  be a c t i v a t e d  prematurely,  t h e  gage reading  
must be assumed t o  be correct, and p r o p e l l a n t  must be s e t  aside 
and c a l l e d  unusable t o  allow f o r  an e a r l y  LLS a c t i v a t i o n  due t o  
s losh .  The a l l o c a t i o n  o f  28 pounds ( e q u i v a l e n t  t o  3 seconds of 
burn t i m e )  i n  t h e  d i spe r s ions  accounts  f o r  t h e  u n c e r t a i n t y  i n  LLS 
l o c a t i o n .  Root-sum-squaring a l l  t h e  d i s p e r s i o n s  y i e l d s  t h e  321- 
pound a l l o c a t i o n  i n  t h e  budget. 

The incons i s t ency  between o p e r a t i o n a l  r u l e s  and 
budget ing r u l e s  involves  t h e  handl ing  of  t h e  3-second u n c e r t a i n t y  
i n  LiLS l o c a t i o x .  The o p e r a t i o n a l  r u l e s  c a l l  f u r  s u b t r a c t i o n  of 
t he  3 seconds f r o m  a v a i l a b l e  burn t i m e  whi le  t he  budgeting r u l e s  
r e q u i r e  t h a t  t h e  3 seconds be root-sum-squared with many o t h e r  
d i s p e r s i o n s  be fo re  be ing  s u b t r a c t e d  from t h e  usab le  p r o p e l l a n t  
thereby making i t s  e f f e c t  on t h e  amount of p r o p e l l a n t  a v a i l a b l e  
f o r  d e l t a - V  n e a r l y  n e g l i g i b l e  (51 pound). The d i f f e r e n c e  between 
t h e  two sets of  r u l e s  causes  3 seconds less burn t i m e  t o  be a v a i l -  
a b l e  dur ing  t h e  a c t u a l  descent than w a s  expected t o  be a v a i l a b l e  
be fo re  t h e  mission ( i f  d i s p e r s i o n s  a r e  assumed e q u a l ) .  

E f f e c t s  of  Incons is tency  on LM Descent Performance 

An i ncons i s t ency  t h a t  causes  a 3-second reduct ion  i n  
a v a i l a b l e  burn t i m e  has  a major e f f e c t  on descent  performance. 
S ince  p a s t  missions have a l l  had s u b s t a n t i a l  excess  DPS propel-  
l a n t ,  t h e  3-second decrease  i n  o p e r a t i o n a l  burn t i m e  has had 
l i t t l e  e f f e c t  on a c t u a l  performance. However, f o r  a l i m i t  weight 
v e h i c l e  w i th  30 l o w  performance and s l o s h i n g  p r o p e l l a n t ,  t h e  3 
seconds l o s t  i s  very real  and could conceivably r e s u l t  i n  t h e  
loss of a LM landing.  I n  t h i s  ca se ,  only 137 seconds of burn 
t i m e  is  a v a i l a b l e  from planned manual takeover  t o  touchdown 
r a t h e r  than t h e  1 4 0  seconds assumed i n  mission planning. From 
an a l t e r n a t i v e  viewpoint ,  i f  t h e  3 seconds of burn t i m e  w e r e  
s u b t r a c t e d  from usable  p r o p e l l a n t  i n  t h e  pre-mission budget a s  
i t  i s  i n  t h e  o p e r a t i o n a l  r u l e s ,  t h e  LM l i m i t  weight would be 
reduced by 52 pounds. As shown i n  a r e c e n t  s p a c e c r a f t  weight  
summaryf4 f o r  t h e  J-1 mission the c c r r e n t  LM l i m i t  weight exceeds 
t h e  c u r r e n t  c o n t r o l  weight by on ly  76 pounds and exceeds t h e  pre-  
s e n t  a c t u a l  LM weight by only 185 pounds. The e x i s t i n g  incon- 
s i s t e n c y  between o p e r a t i o n a l  r u l e s  and p r o p e l l a n t  budgeting 
r u l e s ,  t h e r e f o r e ,  c r e a t e s  a somewhat f a l s e  sense  of s e c u r i t y  
s i n c e  t h e  d e s c e n t  burn t i m e  a v a i l a b l e  i s  a c t u a l l y  3 seconds 
less than the d i f f e r e n c e  between t h e  c u r r e n t  LM weight and t h e  
c u r r e n t  L M  l i m i t  weight would i n d i c a t e .  

41Ap0110 Spacec ra f t  Weight S t a t u s  Summary, I' Manned 
S p a c e c r a f t  Center ,  December 15, 1 9 7 0 .  
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I n  o r d e r  t o  e l imina te  L e  potent ,a l  3-second r educ t ion  
i n  a v a i l a b l e  LM descen t  burn t i m e  and t o  make t h e  p r o p e l l a n t  budget 
correspond t o  t h e  way i n  which p r o p e l l a n t  w i l l  a c t u a l l y  be used i n  
f l i g h t ,  t h e  o p e r a t i o n a l  r u l e s  and the budgeting r u l e s  should be 
made c o n s i s t e n t .  I n  making the  r u l e s  c o n s i s t e n t ,  t h e  problem i s  
t o  determine which ( i f  e i t h e r )  set  of r u l e s  i s  t h e  correct one t o  
use.  The b a s i c  p r i n c i p l e  behind t h e  c u r r e n t  o p e r a t i o n a l  r u l e s  i s  
t h a t  the p r o p e l l a n t  gaging system should never  i n d i c a t e  more pro- 
p e l l a n t  than i s  a c t u a l l y  i n  t h e  tanks .*  Therefore ,  t h e  Apollo 13 
r u l e s  assumed t h a t  only 113 seconds ( 1 1 6  seconds nominal minus 3 
seconds d i s p e r s i o n )  w e r e  a v a i l a b l e  f o r  use  a f t e r  t h e  LLS was a c t i -  
va t ed  i n  o r d e r  t o  a l l o w  f o r  a sensor  t h a t  was l o c a t e d  3a t o o  l o w  
i n  t h e  tanks .  Adherence t o  the above p r i n c i p l e  i s  necessary  t o  
i n s u r e  t h a t  p r o p e l l a n t  dep le t ion  n o t  occur  be fo re  t h e  c r e w  expec t s  
it. Thus, t h e  p r a c t i c e  of s u b t r a c t i n g  u n c e r t a i n t i e s  i n  p r o p e l l a n t  
gaging from t h e  nominally a v a i l a b l e  burn t i m e  a s  i s  done i n  t h e  
o p e r a t i o n a l  r u l e s  i s  a reasonable one,  The pre-mission p r o p e l l a n t  
budget ing should a l s o  fol low t h i s  p r a c t i c e .  

The major purpose of p r o p e l l a n t  budgeting i s  t o  determine 
t h e  q u a n t i t y  of  p r o p e l l a n t  t h a t  i s  a v a i l a b l e  f o r  u s e  i n  providing 
delta-V. Inaccurac i e s  i n  p r o p e l l a n t  gaging cause some p r o p e l l a n t  
t o  become unava i l ab le  f o r  use. To determine how much p r o p e l l a n t  
must be  se t  a s i d e  a s  unavai lab le  due t o  u n c e r t a i n t i e s  i n  p r o p e l l a n t  
gaging,  t h e  va r ious  circumstances t h a t  could cause t h e  gage t o  in -  
d i c a t e  a q u a n t i t y  d i f f e r e n t  from t h a t  a c t u a l l y  i n  t h e  tanks  must 
be cons idered ,  and the  amount of a v a i l a b l e  p r o p e l l a n t  l o s t  i n  each 
case  must be determined. Figure 2 l i s t s  t h e  p o s s i b l e  LLS p r o p e l l a n t  
gaging i n a c c u r a c i e s  and t h e i r  e f f e c t s  on a v a i l a b l e  p r o p e l l a n t  
assuming t h a t  o p e r a t i o n a l  r u l e s  fol low t h e  p r i n c i p l e  t h a t  t h e  gaging 
system should never  i n d i c a t e  more p r o p e l l a n t  than  i s  a c t u a l l y  i n  
t h e  tanks .  S ince  i n  r e a l  t i m e  t h e  t r u e  circumstances a f f e c t i n g  LLS 
p r o p e l l a n t  gaging a r e  unknown, t h e  o p e r a t i o n a l  r u l e s  must a l l o w  f o r  
t h e  w o r s t  case ( i . e . ,  the case wi th  t h e  l eas t  burn t i m e  a c t u a l l y  
remaining a t  LLS a c t i v a t i o n )  which occurs  wi th  a 3a low LLS l o c a t i o n  
i n  t h e  tank and no p r o p e l l a n t  s losh ing .  I f  no s l o s h i n g  occurs  and 
t h e  LLS i s  a c t i v a t e d  a t  t h e  nominal t i m e ,  3 seconds of a v a i l a b l e  burn 
tiiiie i s  made unava i l ab le  because of the  o p e r a t i o n a l  r u i e s .  i f  t n e  
LLS is  l o c a t e d  3a high i n  the  tanks and comes on e a r l y  wi th  no  pro- 
p e l l a n t  s l o s h ,  a t o t a l  of 6 seconds of a v a i l a b l e  burn t i m e  i s  l o s t .  

The e f f e c t s  of LLS i n a c c u r a c i e s  on a v a i l a b l e  burn t i m e  
s u b j e c t  t o  t h e  given ope ra t iona l  r u l e s  can be descr ibed  by a b i a s e d  
normal d i s t r i b u t i o n  as shown i n  F igure  3.  For no p r o p e l l a n t  s l o s h i n g ,  
t h e  3-second b i a s  i n  a v a i l a b l e  burn t i m e  between t h e  va lue  a t  LLS 
a c t i v a t i o n  according t o  t h e  o p e r a t i o n a l  r u l e s  and t h e  a c t u a l  va lue  

*"Never" a c t u a l l y  means a p r o b a b i l i t y  of 1-.99865 = 
.00135. 
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f o r  an a c c u r a t e  LLS corresponds t o  t h e  3 seconds of burn t i m e  sub- 
t r a c t e d  from the  nominal amount a t  LLS a c t i v a t i o n  i n  t h e  opera- 
t i o n a l  r u l e s ,  and t h e  3a  d e v i a t i o n  of t h e  normal d i s t r i b u t i o n  
i s  t h e  3-second u n c e r t a i n t y  i n  LLS l o c a t i o n .  The e f f e c t  of 
p r o p e l l a n t  s l o s h i n g  i s  t o  increase t h e  b i a s  by 5 seconds s i n c e  
it has t h e  same e f f e c t  on a v a i l a b l e  burn t i m e  as a h igh  LLS 
l o c a t i o n .  

I n  t he  c u r r e n t  budget,  t h e  5-second b i a s  due t o  pro- 
p e l l a n t  s l o s h  and t h e  3-second u n c e r t a i n t y  i n  LLS l o c a t i o n  have 
been accounted for .  However, the  3-second b i a s  i n  a v a i l a b l e  
burn t i m e  caused by the  o p e r a t i o n a l  r u l e s  has  n o t  been accounted 
for .  Therefore ,  to  proper ly  budget t h e  p r o p e l l a n t  t h a t  i s  made 
u n a v a i l a b l e  by LLS inaccurac i e s ,  an a d d i t i o n a l  a i iocat ion of 
28 pounds ( 3  seconds of burn t i m e )  should be made i n  t h e  budget 
t o  correspond t o  t h e  3 seconds s u b t r a c t e d  from a v a i l a b l e  burn 
t i m e  o p e r a t i o n a l l y .  The 48-pound a l l o c a t i o n  f o r  LLS inaccuracy  
due t o  p r o p e l l a n t  s l o s h  should remain i n  t he  budget ,  and t h e  
28-pound d i s p e r s i o n  due t o  LLS l o c a t i o n  u n c e r t a i n t y  should remain 
i n  t h e  d i s p e r s i o n s .  

Treatment of  P r o p e l l a n t  Quan t i ty  Gaging System Inaccuracy 

The problem of proper ly  budget ing p r o p e l l a n t  t o  a l l o w  
fo r  u n c e r t a i n t i e s  i n  gaging becomes s o m e w h a t  more complicated 
f o r  f u t u r e  missions because of forthcoming changes t o  t h e  opera- 
t i o n a l  r u l e s .  Rather than  us ing  only  t h e  LLS a s  prime i n d i c a t o r  
of remaining p r o p e l l a n t ,  both t h e  LLS and t h e  P r o p e l l a n t  Q u a n t i t y  
Gaging System (PQGS) w i l l  be used i n  t h e  f u t u r e .  Telemetry f r o m  
bo th  systems w i l l  be received i n  t h e  Mission Control  Center  i n  
Houston. A t  the  t i m e  of LLS a c t i v a t i o n ,  a d i s p l a y  i n  Mission 
Cont ro l  showing burn t i m e  remaining t o  the  touchdown/abort d e c i -  
s i o n  p o i n t  w i l l  begin counting down from 93 seconds ( 1 1 6  seconds 
nominal minus 3 seconds LLS u n c e r t a i n t y  minus 2 0  seconds abort  
r e s e r v e ) .  PQGS d a t a  w i l l  also be rece ived  and smoothed t o  e l i m i -  
n a t e  t h e  effects  of p r o p e l l a n t  s l o s h .  A t  t h e  t i m e  when t h e  PQGS 
read ing  reaches 5 .6% p r o p e l l a n t  remaining ( the  q u a n t i t y  a t  which 
t h e  LLS would nominally be a c t i v a t e d ) ,  a d i s p l a y  of burn t i m e  
remaining t o  t h e  touchdown/abort d e c i s i o n  p o i n t  w i l l  beg in  count ing  
down f r o m  8 8  seconds (115 secc?nds ncminal m i n u s  8 secends PQGS 
u n c e r t a i n t y  minus 20 seconds abort  reserve). I f  both r ead ings  
are reasonable ,  t h e  h ighe r  reading w i l l  be used. S ince  both 
r ead ings  a l r eady  have the i r  3a u n c e r t a i n t i e s  s u b t r a c t e d  o f f  i n  
accordance w i t h  the p r i n c i p l e  t h a t  a gage w i l l  never  i n d i c a t e  
more p r o p e l l a n t  t han  i s  a c t u a l l y  i n  the t a n k s ,  t h e  h ighe r  reading  
must n e c e s s a r i l y  (99.865% of t h e  t i m e )  be closer t o  t h e  a c t u a l  
q u a n t i t y  and is ,  t h e r e f o r e ,  t h e  proper  one t o  use.  
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I f  t h e  PQGS i s  t h e  system t o  be used i n  a given case, 
some p r o p e l l a n t  w i l l  be made unava i l ab le  due t o  PQGS inaccuracy.  
This  p r o p e l l a n t  should be accounted f o r  i n  the pre-mission pro- 
p e l l a n t  budget.  F igure  4 l i s t s  the  p o s s i b l e  PQGS p r o p e l l a n t  
gaging i n a c c u r a c i e s  and t h e i r  e f f e c t s  on a v a i l a b l e  p r o p e l l a n t  
assuming t h a t  o p e r a t i o n a l  r u l e s  fo l low t h e  p r i n c i p l e  s t a t e d  
above. Again o p e r a t i o n a l  r u l e s  must a l l o w  f o r  t h e  w o r s t  case, 
which i s  t h e  case of  t h e  PQGS reading  3a high.  For an a c c u r a t e  
PQGS r ead ing ,  8 seconds of a v a i l a b l e  burn t i m e  i s  made unavai l -  
a b l e  because of t h e  o p e r a t i o n a l  r u l e s .  I f  t h e  PQGS reads  3 a  
l o w ,  a t o t a l  of  1 6  seconds of a v a i l a b l e  burn t i m e  i s  l o s t .  
Again t h e  e f f e c t s  of  PQGS inaccurac i e s  on a v a i l a b l e  burn t i m e  
can be descr ibed  by a normal d i s t r i b u t i o n  b i a sed  by 8 seconds 
w i t h  3 a  equal t o  8 seconds. 

S ince  e i t h e r  of t h e  t w o  gaging systems could be used 
a s  t h e  rea l  t i m e  i n d i c a t o r  of remaining p r o p e l l a n t ,  it must be 
decided which system inaccurac i e s  t o  cover  i n  t h e  pre-mission 
p r o p e l l a n t  budget.  Whichever system i s  chosen, enough propel -  
l a n t  should be budgeted t o  cover f o r  t h e  lowest expected gage 
r ead ing  of t h a t  system below t h e  a c t u a l  q u a n t i t y  of p r o p e l l a n t  
i n  t h e  tanks .  For t h e  LLS, t h e  lowest expected reading  would 
be t h e  a c t u a l  amount minus 3 seconds f o r  LLS u n c e r t a i n t y  minus 
5 seconds f o r  p r o p e l l a n t  s lo sh ing .  For t h e  PQGS, t h e  lowest  
expected reading  would be t h e  a c t u a l  amount minus 8 seconds f o r  
PQGS u n c e r t a i n t y .  But t h e  o p e r a t i o n a l  r u l e s  s t i p u l a t e  t h a t  t h e  
l a r g e s t  of t h e  t w o  gage readings  w i l l  be used. Thus p r o p e l l a n t  
has  t o  be budgeted only for  t h e  system wi th  t h e  h i g h e s t  w o r s t  
case reading  i n  o rde r  t o  cover f o r  t h e  wors t  ca se  gaging inac-  
curacy.  I n  o t h e r  words, i f  

30LLs + s l o s h  a l l o c a t i o n  < 3oPQGs, - 

p r o p e l l a n t  should be budgeted f o r  LLS i n a c c u r a c i e s ,  i . e . ,  
4 8  pounds f o r  p r o p e l l a n t  s lo sh ing  and 28 pounds f o r  o p e r a t i o n a l  
r l i l e s  governing LLS usage should be s u b t r a c t e d  from usable  pro- 
p e l l a n t  and 28 pounds f o r  LLS l o c a t i o n  u n c e r t a i n t y  should be 
inc luded  i n  t h e  d i s p e r s i o n s .  P r o p e l l a n t  should be budgeted f o r  
LLS inaccurac i e s  when t h e  e q u a l i t y  holds  above because,  f o r  t h e  
w o r s t  case gage reading  by each system, e i t h e r  reading  could be 
used i n  rea l  t i m e ,  and budgeting f o r  LLS i n a c c u r a c i e s  l eaves  
more p r o p e l l a n t  a v a i l a b l e  f o r  delta-V than  budget ing f o r  PQGS 
inaccuracy .  I f  

30LLs + s l o s h  a l l o c a t i o n  > 3aPQGS ' 
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p r o p e l l a n t  should be budgeted f o r  PQGS inaccuracy ,  i . e . ,  
76 pounds f o r  o p e r a t i o n a l  r u l e s  governing PQGS usage should 
be s u b t r a c t e d  from usable  p r o p e l l a n t  and 76 pounds f o r  PQGS 
inaccuracy  should be included i n  d i s p e r s i o n s .  S i n c e  t h e  
c u r r e n t  va lues  of t h e  r e l e v a n t  q u a n t i t i e s  are 

= 3 seconds burn t i m e ,  30LLs 
s l o s h  a l l o c a t i o n  = 5 seconds burn t i m e ,  

3oDnCc = 8 seconds burn t i m e ,  
L =cy- 

p r o p e l l a n t  should c u r r e n t l y  be budgeted f o r  LLS i naccurac i e s .  

Summary 

For e f f e c t i v e  mission planning,  p r o p e l l a n t  should be 
budgeted t o  correspond as  c l o s e l y  a s  p o s s i b l e  t o  t h e  way i n  
which it w i l l  a c t u a l l y  be used i n  f l i g h t .  Although t h i s  p r in -  
c i p l e  has  been followed i n  a l l o c a t i n g  p r o p e l l a n t  t o  cover t h e  
effects  of t h i n g s  such as s losh ing  p r o p e l l a n t  and t h e  a b o r t  
r e s e r v e ,  i t  has n o t  been followed i n  t h e  a l l o c a t i o n  f o r  pro- 
p e l l a n t  gaging inaccuracy.  

A t  p r e s e n t ,  t h e  o p e r a t i o n a l  r u l e s  and t h e  p r o p e l l a n t  
budget ing r u l e s  governing LM descen t  a r e  i n c o n s i s t e n t  i n  t h e i r  
t r ea tmen t  of p r o p e l l a n t  gaging i n a c c u r a c i e s .  Opera t iona l ly  
t h e  gaging u n c e r t a i n t i e s  are s u b t r a c t e d  from a v a i l a b l e  burn 
t i m e ,  whi le  i n  p r o p e l l a n t  budgeting t h e  gaging i n a c c u r a c i e s  
a r e  t r e a t e d  as d i s p e r s i o n s  and are root-sum-squared wi th  o t h e r  
u n c e r t a i n t i e s .  To make the  two sets of r u l e s  c o n s i s t e n t ,  t h e  
gaging u n c e r t a i n t i e s  should (1) be s u b t r a c t e d  from a v a i l a b l e  
p r o p e l l a n t  i n  the  budget t o  correspond t o  t h e  b i a s  p laced  on 
a v a i l a b l e  burn t i m e  o p e r a t i o n a l l y  and ( 2 )  be inc luded  i n  t h e  
budgeted d i s p e r s i o n s  t o  account f o r  p l u s  o r  minus gaging uncer- 
L a i i i L i e S .  Since either the  LLS o r  t h e  PQGS couid be used i n  
real-time as t h e  i n d i c a t o r  of remaining p r o p e l l a n t ,  p r o p e l l a n t  
must be budgeted only t o  cover t h e  u n c e r t a i n t i e s  of t h e  most 
a c c u r a t e  of t h e s e  gaging systems. 

& - . J - ^ L 2  
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